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Eurocode Structural Fire Design and
its Application for Composite Circular
Hollow Section Columns

The tabular structural fire design method for ceiiyr loaded composite columns
consisting of concrete filled steel circular holl@ections proposed in EN 1994-1-2:2005
(Eurocode 4: Design of Composite Steel and ConcBitectures — Structural Fire
Design) is described here. A design procedure isntidiscussed, based on the
determination of the temperature distribution ire tbross sectional area and along the
column length. A finite element based computer qamogis developed to implement the
three-dimensional thermal analysis of different enals and geometries for given time
versus temperature fire data. An example problesh@svn, comparing the tabular method
proposed in EN 1994-1-2:2005 and the method presentthis work.
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Introduction

The alternatives proposed in EN 1994-1-2:2005 fbe t
structural fire design of composite steel and cetecrcolumns
consist in three different levels of assessmenthaus that include
the use of tabular data (level 1), simple calcatatinodels (level 2)
and general calculation models (level 3).

The use of the simple calculation models recommeéndeEN
1994-1-2:2005 — chapter 4.3 requires the deterinimadf the
temperature distribution in the column’s crossisect{temperature
is taken as constant along the length). As thisutation involves
either laboratory testing or the use of specifimpater codes, the
use of tabular data is more common, as it readilyides the
standard fire resistance for a composite columergibasic design
information such as geometry, reinforcement anditua

In this work, the tabular data design method dbsdriin EN
1994-1-2:2005 - chapter 4.2 for the case of cdntraladed
concrete filled steel circular hollow sections éviewed. A simple
calculation model (level 2) based in EN 1994-1-P%6 chapter 4.3
is presented, but considering the temperature ti@mian the cross
section and also along the length of the columdescription of an
implementation of the solution model using finitereents as basis
is also done, allowing the determination of the perature
distribution for different materials and geometryamgements. An
application example is then shown, with the detiadelculation for
R30, R60, R90 and R120 of standard temperature-tiumee as
given by ISO 834-1:1999. For the example, bothglesiethods are
used, and a comparative analysis is performed, rt@yeaspects
such as safety and costs.

Nomenclature

a = vector of nodal temperatures

A, = steel tube section area, cm?

A. = concrete section area, cm?

A, = steel reinforcement bars section area, cm?

B = matrix of heat flowk temperature relation

¢ = specific heat, J/(kg.K)

D = constitutive matrix resulting from the thermal
conductivities\

d = external diameter of the circular hollow segtiom

dddn = temperature gradient, K/m

E. = Young's modulus of the structural steel, kN/cm?2
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E: seco = Secant elastic modulus of the normal density erc
with temperature, kN/cm?
(Elyi ¢ = effective flexural stiffness in fire situationNkcm?

E; = Young’s modulus of the reinforcement steel, kivi'c
f = nodal heat flow vector
fay =yield strength of the structural steel, kN/cm?

fo& = compressive strength of the normal density cetecr
kN/cm?

fsy =yield strength of the reinforcement steel, kNfcm

I, =moment of inertia of the tubular steel secticm’

I = moments of inertia of the concrete element$, cm

Is =moments of inertia of the reinforcement bars? cm

K = stiffness matrix

ke.¢ = reduction factor of compressive strenfiifwith
temperature

ke o= reduction factor of Young's modullg with temperature

k, ¢ = reduction factor for yield strengtf with temperature

M = mass matrix

n = boundary’s normal vector, given by its composetn,
andn,

N = matrix of functions of shape for the Finite Efmh
Method

Niier = elastic critical load under fire, kN

Nsi.gt = design load axial compressive resistance in fire
situation, kN

Nsi pi,ra= design value of the plastic resistance to axial
compression in fire situation, kN

Nii.rg = design value of the resistance in axial compoess
under fire, kN

Nrq= design load axial compressive resistance fomabr

temperature, kN

= heat flow per unit area, W/m?2

a = prescribed heat flow per unit area, W/m?
= time of assessment after fire’s ignition, mirsute

. = slab thickness, cm

us = distance between the reinforcements and intsunédce
of the steel tube, mm

W = arbitrary weighting functions to the WeightedsiRieials
Method

Greek Symbols

a = convection-radiation coefficient, W/(mz2.°C)
a. = convection coefficient, W/(mz2.K)

£ = coefficient for the integration scheme

', = boundary with prescribed heat flow

Iy = boundary with fixed temperature

o

o)

— —

January-March 2008, Vol. XXX, No. 1/ 39



José Carlos L. Ribeiro et al

At =time interval used by Finite Element Methodritegrate The reduction factolk;, to be applied to the compressive
the transient problem, seconds strength ;) for normal density concrete is shown in Tabl€elkis
&up = strain used to calculate the secant elastic sty .y  table also depicts,, g strain, used for the determination of the secant
&es = resultant emissivity for the surface elastic modulus of concrete under high temperagsrgiven in Eqg.

i = loading level at time (2):

6 =temperature at the surface of the body, K k., f

6 = fixed temperature at part of the boundary, K E: seco =gk @

4 =temperature for the fluid (heated gases), K Eauo

A =thermal conductivity, W/(m.K)

e = non-dimensional slenderness ratio Design Using Tabular Data

p = material density, kg/m?® The tabular data provided for the fire design ofnposite

pi = heat density due to an internal source, W/m? columns made of concrete filled steel hollow sewisubjected to

o = Stefan-Boltzmann constant, taken as 5.6607 axial compressive loading are given in Table 2tHis table, the
W/(m?.K*) standard fire resistance is found as a functiothefloading level

X = reduction coefficient for buckling curve i the external diametad, the reinforcement rate, i.e., the ratio

Q =domain of analysis between the cross-sectional area of reinforcemaahtitae total area,

O = gradient operator, taken @®x;, wherex; is the Cartesian  AJ(A-+As), and the distance between the reinforcementsraadhal
coordinate system surface of the steel tube. Its use is restrictethéocases where the

column’s length is limited to 30 times the exterda@meter of the
cross-section, the column is part of a braced frame the fire is
constrained to only one storey of the building, whethe
In this item, the variation of the relevant matepieoperties with  temperature is taken as uniform along the columgtie Another
temperature is described. Data are given for rodfedctural steel hypothesis is that the reinforcement bars are dplleith yield
and normal density concrete, as required for thmi@ggion problem strength at room temperature of 500 MPa. The leadllat timet,

Variation of Mechanical Properties with Temperature

to be presented. v, IS given by:
The reduction in the yield strength,J and Young’s modulus
(E») with temperature for rolled steel shapes is regmeed by N a: @)
factorsk, g andke 4, respectively, as shown in Table 1. My = N
Rd

Table 1. Parameters for concrete and steel with temperature.

where Ny 4, is the design load axial compressive resistancthén

Temperature Steel Concrete fire situation and\gq the design load axial compressive resistance
(C) Ky.o Ke.o Koo £upX 10° for normal temperature.
20 1.000 1.0000 1.00 2.5 The design load axial compressive resistance in fire
;88 1'888 é'gggg é'gg g'g situation,_Nﬁ,d,t,_ is determined combining the c_haracteristic asion
300 1:000 0:8000 0:85 7:0 as described in EN 1991-1-1:2002. Its value is hl;samal]er than
200 1000 0.7000 0.75 10.0 70% of the acting load for normal temperature dgstgking into
500 0.780 0.6000 0.60 15.0 account the fact that fire is an exceptional evenmith low
600 0.470 0.3100 045 250 probability of occurrence and short in duratiotowing for the use
700 0.230 0.1300 0.30 25.0 of smaller weighting coefficients for the charaitgc actions than
300 0.110 0.0900 0.15 25.0 used for normal temperature design.
900 0.060 0.0675 0.08 25.0
1000 0.040 0.0450 0.04 25.0
1100 0.020 0.0225 0.01 25.0
1200 0.000 0.0000 0.00 -

Table 2. Tabular data for fire design.

Standard fire resistance

d
R30 | R60 | R90 | R120
Minimum values for load levejk, <0.28
1 Diameterd (mm) 160 | 200| 220 260
Reinforcement rat@s/(A: + Ag) in % 0 15| 3.0 6.0
Axis distance of reinforcement bars(mm) - 30 40 50
Minimum values for load levek, <0.47
2 Diameterd (mm) 260 | 260| 40d 450
Reinforcement rat@s/(A: + Ag) in % 0 30| 6.0 6.0
Axis distance of reinforcement bars(mm) - 30 40 50
Minimum values for load levejk, <0.66
3 Diameterd (mm) 260 | 450| 550 -
Reinforcement rat@s/(A: + Ag) in % 3.0 6.0 6.0 -
Axis distance of reinforcement bars(mm) 25 30 40 -
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The design load axial compressive resistance formab

temperature Ngq, is obtained as proposed in EN 1994-1-1:2004.

Nevertheless, the following considerations mustdtilewed for the
use of Eq. (2) (and only for this purpose):

« the buckling length for the column should be tales twice
the column length under fire;

ean upper bound of 235 MPa for yield stress shohéd
assumed, regardless of the mechanical properti¢gseosteel used
for the tubular steel profile;

« the thickness of the steel circular tube canmataliien as larger
than 1/25 of its diameter;

« the reinforcement rate should be consideredsssde equal to
3%.

Simplified Design Method

The simple calculation model for the design of cosife
columns under fire according to EN 1994-1-2:200&hapter 4.3 is
based on a sound formulation, derived from clabgidaciples of
material science and structural analysis, and eansed for braced
frames. It requires the determination of the terapee distribution
in the cross sectional area of the column, coneitiés be constant
along its length.

A simplified method is described in the followingerns,
centered in the basic assumptions of EN 1994-1a5%20 chapter
4.3 and taking into account the work of Lawson awelwman
(1996), but including the consideration of the tenapure variation
along the column length. In this manner, it is flussto consider
the fact that temperatures in the fire compartmeartes from a
minimum close to the column ends (where connectibeams and
concrete slabs are found) to a maximum at locatiorthe central
portion of the column.

Next, the steps to be followed in the proposed kfieg method
are described:

a) Design Value of the Plastic Resistance to Axial
Compression

The determination of the design value of the ptassistance to
axial compression under fire for composite columren be

performed for the section under higher temperaturehe central
portion of the column, as:

Ny pira = Aaky,e fay + z (Asky,e fsy)+ Z (A%kc,e fck)

m

®)

where the first term at the right side of the efumatepresents, at
elevated temperature, the product of the steelsebtion area by its
yield point, the second term the sum of products stéel
reinforcement bars section area by yield point thedthird term the
sum of products of concrete area by compressivangtin of this
material. In Eqg. (3), the partial material safetctbrs were not
shown, because they are equal to 1.00.

The temperature for the steel tube is taken astaonsiue to its
small thickness and the high thermal conductivitgteel. For each
reinforcement bar, the temperature is functiontsfgosition and
also taken as constant, due to their small diameted high thermal
conductivity. For concrete, temperature increasdth wadial
distance from the center, as shown in Fig. 1.

b) Effective Flexural Stiffness

The effective flexural stiffness for the compostelumn is
given by:

J. of the Braz. Soc. of Mech. Sci. & Eng.
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(EI )fi,eff = kE,HEaI a + Z(kE,HEsl 5)+ Z(Ec,secel c) (4)
k m

Temperature in
reinforcement bar,
constant for each bar

Concrete temperature,
decreasing from tube
surface to section cente

Tube temperature,
taken as constant

Figure 1. Temperature distribution for thecross section of composite
column.

where the first term on the right side of the emumatorresponds, at
elevated temperature, to the moment of inertiaheftubular steel
section times its Young’s modulus, the second térensum of the
products of the moments of inertia of the reinfoneat bars by their
Young's modulus and the last term the sum of ttapets of the
moments of inertia of the concrete elements bystmnt Young's
modulus for this material, according to Eq. (1).
The effective flexural stiffness varies along tlwuenn length,

proportionally to temperature, as expected.

¢) Elastic Critical Load

The elastic critical load under fird; ., should be calculated
taking into account the variation of effective fleal stiffness along
the length, as described in stbpof the method. The load value
depends on the buckling length under fire, usuidtermined as for
normal temperature design. For multiple storey &snthe columns
can be assumed as fixed in the fire compartmerdgeadnd below,
provided that the fire resistance of the buildirgenponents that
separate these fire compartments is not less timfire resistance
of the column.

The elastic critical load can be obtained usingtdirelement
computer programs based on the stability theorgluding the
consideration of stiffness degeneration due to mbrompressive
load and the second order effects in structuralehdd this paper,
the commercial program ANSYS (2004) was used tovigeo an
eigenvalue-based solution for buckling analysis.

d) Non-Dimensional Slenderness Ratio

The non-dimensional slenderness ratio for the columder fire
is given by Eq. (5):

05
/Tg — Nfi,pI,Rd
N fi,cr

where the values df;, rqg and N o, are obtained at ste@sandc,
respectively.

®)

e) Design Value of the Resistance in Axial Compraes

The design value in the fire situation of the cosif@column
resistance in axial compression shall be obtainau:f

Nira =X Nfi,pI,Rd (6)
where y is the reduction coefficient for buckling cureeof EN

1993-1-1:2005, which depends on the non-dimensisiealderness
ratio (see stef), andNy p rq iS Obtained at step

January-March 2008, Vol. XXX, No. 1/41
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It should be noticed that design value of resistanbtained —nq+a(9—9f)+q:O in Ty (heat flows) (13)
herein, N rq, considers the partial material safety factorsaéqa

1.00, as shown at st _
@ For Egs. (12) and (13 is the fixed temperature value at part

of the boundaryga represents the convection-radiation coefficient,
a is the prescribed heat flow per unit aréathe temperature of
gases outside the domainthe normal vector, given by:

Finite Element Calculation of Temperature Distribution

Heat Transfer Mechanisms

i . ) n=|n, n, n| (14)
The standard formulation for the heat transfer [@ohis used in oy
the numerical treatment of the problem (Huang asthahi, 1994). . . o
Conduction is assumed to be represented by Fosities: The coefflc_:lenta covers both convection and radiation heat
transfers, and is taken as:
do
a=-io Q) a=a,+e..0 (4x273 +6x272(0, +0)+ as)

_ _ B +(0,+0) (0,2 +02)+ax273(0,> +0, 0 +02)
whereq is the heat flow per unit ared, the thermal conductivity
anddddn the temperature gradient.

S where a; is the convection coefficieng,s the resultant emissivit
Convection is modeled by Newton’s law: ¢ Eees y

between gases and the surfaaess the Stefan-Boltzmann constant
a=a, (0-6,) ®) (5.66%10° Win?.K* and 4 and @ are the temperatures, in degrees
¢ f Celsius, for the gases and the surface. AccordingN 1994-1-

) . ) o 2:2005, a; and &.s can be taken as 25.0 W/(A®) and 0.50,
whereq is the heat flow per unit area, the convection coefficient, respectively.

dthe temperature at the surface of the body @nthe temperature The integral form obtained using weighted residoal<€q. (10)

for the fluid. and the boundary conditions are given by Eq. (T8 arbitrary
Radiation is assumed to follow Stefan-Boltzmann: law weighting functions are denoted by. Neumann’s boundary
condition is included in the formulation, while therm due to

=6, 0 (04 —9f4) (9)  Dirichlet boundary condition is automatically calbee.

whereq is the heat flow per unit areg,s the resultant emissivity for J‘WT[DTDDg +p, ]BQ _J'WTpCaﬁaQ +
the surfaceg the Stefan-Boltzmann constarétthe temperature at 2 ' ° ot (16)
the body’s surface anfl the average fluid temperature. + §WT [DI]H +a(6'-0 )+ q]ar -0

For the fire case, convection occurs between tleelegases : f d
and the surface of the structure. The determinatibrihe fluid )
velocity due to convective flow is not requiredddmoth radiation
and convection at the boundary can be considergd) @ single
boundary condition.

Applying Green’s theorem to the term'DO6, ignoring the
terms in the boundary with imposed temperatures and applying
Finite Element concepts, it can be shown that the matrix foibe.0
(16) is given by:

Finite Element Formulation

The heat transfer is assumed to follow the heatleotion basic M % +Ka =f 17
equation, as given in Eq. (10): ot
96 In Eq. (17), a is the global vector containing the nodal
pcg = D2D49+,0i in Q (10) temperatures, whil®l, K andf are the mass matrix, stiffness matrix

and nodal heat flow vector, respectively. For each element, these

matrices are given by Eqgs. (18) to (20):
where @ is the temperaturd,the time,p the material density; the g y Eas. (18) to (20)

specif_ic heat,q th_e heat d_ensity due to an internal s_o_u_rcelamklle M © :.[ chTNaQ@ (18)
constitutive matrix, resulting from the thermal dowtivities A, for Q®
the different dimensions of the domdnh For a three dimensional
domain,D is given by: K®=[ B"DBAQ® +a§ JNTNOr® (19)
Q€ r§
A 00 (© T © T © T © (20
e) — €, = € €
D={0 4, 0 (11) f _IQ@N 0,0Q —%N qor? +ad, N"6,0r (20)
0 0 4,

The transient solution is obtained by integration in tirh&a.

Boundary conditions for the problem can be eithértte (17). In this work, two assumptions were used to obthie
Dirichlet type, as given in Eq. (12), or Neumanrgs, given in Eq. approximate discrete solution: first, Eq. (17) is satisfiaty at time

(13). tn+gin each time intervait, and second, temperatures vary linearly
within each time interval.
0-0 =0 in I, (prescribed temperatures) (12) . L_Jsir:jg these concepts in Eqg. (17), the recurrence Eq. (21) is
obtained:

42 | Vol. XXX, No. 1, January-March 2008 ABCM
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g g 21) « fire condition, also represented by Eq. (23), naith a, as the
B At +Kos [Bnis :fn+ﬁ+ﬁ a, forced convection coefficient between the environmand the
structure surface andd as the external temperature, variable
; ding to a defined curve.
Matrices M5, Knip and f,,z are calculated fot,,s After accor ) S
: . The convection coefficients are taken as 12.834 a®%0n 3.145
solv_lng the system_ in Eq. (21) fay. s temperatures at the end OfW/mZ.OC 9.909 W/m2°C and 25.000 W/mz°C, respebij for
the intervalat are given by: cooling condition in hot surface with that surfaaened up, cooling

1 1 condition in hot surface turned down, cooling caiodi with hot
Ay = E . p +[1_,Bj a, (22) surface in the vertical position and fire conditigtibeiro, 2004).
wherea, are the initial temperatures for the next time step. Example

The trapezoidal time integration rule in Eq. (21) is condilty
stable (Hogge, 1981), converging for 58 < 1. The solution o
becomes more stable g@approaches unity (Backward Euler). At  Problem Description

that point, there are no more oscillations, and the obtainaticso The analysis of a composite column made of a stizellar
is normally underestimated. Vila Real (1988) suggested th@fusey o fijeq with reinforced concrete is describedtiis item. The
the Galerkin scheme, witi= 2/3, and shows that this choice result§;;pe shown in Fig. 2, is 5.6 mm thick and 355.6 mndiameter

in faster convergence to the exact solution. with yield strength fG,) of 235 MPa. The concrete has compressive
strength ) of 30 MPa and moisture content varying among 0%,
Computer Program Description 4% and 10% of concrete weight. The reinforcemensists of eight

. . 22 mm steel bars with yield strengtk)(of 400 MPa. The column is
A finite element program for thermal analysis based on the,

theoretical developments described before was developed amiuégiirg: ;g‘b: krralillgpzzlgnsstgﬁty tEiL:;L?:ggSV\gtfmlggt\é]veen floors.
namedThersys based on th€altemiplatform, according to Fakury

et al. (2002) and on progra@altep from CIMNE (1993) in | 355.6

Barcelona. Prograrfihersysallows the use of different fire curves,
modeling of solid structures and the consideration of nwat
thermal material properties. The assumed values for thermal
conductivity, specific heat and mass density for steel and concrete
were taken from EN 1994-1-2:2005.

The program includes the following isoparametric elements:

3 node triangular Lagrangian and 6 node serendipity triadgle,
and 9 node quadrangular Lagrangian and 8 node serendipity
gquadrangular elements;

e 4 node Lagrangian tetrahedral and 10 node serendipity_ ) . ) T
tetrahedral, 8 node Lagrangian and 20 node serendipity hexahedra.F'g”re 2. Composite column cross-section (dimensions in millimeters).

Four different boundary conditions can be considered in the

program: . . Temperature in the Column Using Finite Element Analysis
« prescribed temperature, or Dirichlet condition;
* prescribed heat flow, or Neumann condition; The temperature distribution in different sectiafighe column
* cooling condition in the boundary, given by: was calculated using Finite Element Analysis. $&dtil to 6,
shown in Fig.3-a, were considered for R30, R60, R8O R120 of
—A% =a, (0-6,)+&, 00" -6 (23) standard temperature-time curve as given by [SO-183499,
on including the influence of the slabs in the endthefcolumn.

h is th tural i fficient bet id Section 1 was located at the concrete slab midesect
wheréac IS the natural convection coetticient between 1ae (considered as the extremity of the column); sec#idn the lower

environment and the structune,f,S the .resgltant emissivjty between surface of the slab, section 3 to 5 at intervals, #f2 from each
the surface and external media, which is taken.Bsdis Stefan- other, down from section 2, section 6 at the colwentre {, is the
Boltzmann's constant, taken as 5.860° W/m’.K* and & the  gjap thickness).

normal temperature, normally assumed to be 20 °C;

-
3—
-
5—

[ |
|
R

(LN

|
|
|
g
a) View of the temperature

= variation in one eighth b) Temperatures in c) Influence length
of the structure the sectors of the sections

Figure 3. Geometric description of the model and relevant cross-sections.
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The obtained temperature distribution was almostrsgtrical
to the column central section (section 6), and testilt was used in
the design. For each section, the concrete areadivated in four
concentric circular sectors of equal thicknesshasvn in Fig.3-b.

The mean values between the obtained temperatutthe iarea
of each sector are shown in Table 3 for concretth Wi of
moisture content.

As there are four planes of symmetry, only one thighf the
geometry was modeled (Fig.3-a), using a mesh with56 nodes
and 313634 four node tetrahedral Lagrangian elesndifte mesh
density was shown to be appropriate to obtain cgeree to the
finite element solution (Ribeiro, 2004).

Comparison Between the Tabular Data and the Presented
Simplified Method

a) Design Load Compressive Resistance for Normal Design

In order to find the design load axial compresse&stance in
fire situation using the tabular dafd; 4, firstly the load levely;
has to be calculated, as a function of the loadpressive resistance
for normal designiNgg, as discussed befodry was calculated for a
buckling length of 4 m (twice the buckling lengthder fire — seen

José Carlos L. Ribeiro et al

before) with the yield strength for the steel of tabe as 235 MPa.
Noting that for the column the tube thickness sslthan 1/25 of its
diameter and that the reinforcement rate doeseaamtr 3%, a value
of Nrq equal to 3622 kN was found.

b) Design Load Compressive Resistance in Fire Situation

Based on the temperature values, the results éocelumn are
listed in 12 segments (6 at each side of the detitoas section) of
different effective stiffness values (the valuestehperatures and
effective stiffness are shown in Table 3). The teddsuckling load,
discussed in itenc of topic “Simplified Design Methdd was
obtained taking the temperature obtained for sectidor the upper
30 mm of the column, temperatures for sections 3 to the next
segments, each with a 60 mm length, and the tetypera section
6 for the next segment, with 1730 mm length, shawRig.3-c, as
the region of significant temperature gradientsestricted to the
column ends.

Table 4 presents the obtained results for desigad lo
compressive resistance in fire situation for thaneple problem
using both methods, tabular and the simplified,senéed in this
work, according to the temperature distributionaitoed from three-
dimensional (3D) Finite Element Analysis.

Table 3. Temperatures and effective stiffness for concrete with 4% of humidity (see Fig. 3).

Temperature (°C) ED
Standard Fire Resistanc | Sectior Steel Concrete kN (;Irﬁ;)
é é & | 8> | 65 | B i
1 131 48 79 36| 23 20[ 300488713
2 388 74 178| 55| 27 21| 2348878B2
R30 3 568 94 260 68| 30 22| 1657228p8
4 612 102 | 281 72| 31 22 1412390R0
5 622 104 | 283 73| 31 22 13750415
6 624 105| 286 73| 31 22 136572215
1 247 108 | 162| 85| 49 34 260970166
2 590 168 | 348| 12 66 42 139370143
R60 3 799 220 | 469| 163 78 49 79600702
4 840 245 501| 179 83 52 74804937
5 847 254 | 506| 185 84 53 73609334
6 848 258 | 510| 187 84 54 73118385
1 331 169 | 244| 130 85 64 231364795
2 708 259 | 460| 211 108 81 83442951
R90 3 914 330 601 273 126 93 61264925
4 941 367 | 635/ 299 136 98 57383783
5 945 381 | 642| 310 140 10p 56110528
6 946 389 | 646| 314 142 100 55497085
1 396 227 | 310| 18§ 115 94 208904210
2 790 334 | 544| 288 154 118 67734530
R120 3 980 418 | 690| 3624 195 122 50699036
4 1001 462 | 725| 39% 218 120 466136P8
5 1004 480 | 733| 409 228 138 451692[6
6 1005 492 | 739| 416 233 134 44346085
Table 4. Comparative results for design load compressive resistance.
Simplified Method Presented Nirq (KN) Tabular Data | Twilt
Standard Fire Resistanc | Humidity of 0% | Humidity of 4% | Humidity of 10% | Maximum | Ny g¢ | Nfird
3D 2D 3D 2D 3D 2D it (kKN) | (kN)
R30 3881 3882 3996 3994 4151 4153 0.66p 2390
R60 2976 2973 3074 3071 3189 3186 0.47p 179253
R90 2511 2511 2657 2656 2779 2778 0.28p 102261
R120 1967 1962 2174 217 2402 2400 - - 1840
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In this table, it is also shown the design load poassive
resistance in fire situation using the hypothesispted by EN
1994-1-2:2005 — chapter 4.3, which the temperadiis&ibution in
the cross section is constant along the lengtthefcolumn. This
case was calculated using the two-dimensional (@)perature
distribution obtained at section 6 at the columntice

Table 4 also presents the design load compresssistaince for
the same column shown in Twilt et al. (1994). Thessults were
obtained by a computer program developed and edrifiy Valexy
(Twilt et al., 1994). This program was modified énder to reach
compliance with more recent test results.

Comparing the results shown in Table 4, it can btcad that
the axial forces in the composite column in the neple are
significantly smaller when calculated from the tkibu data,
suggesting that it provides a considerably consisevapproach.

Another interesting result is that the resistantlaforces are
approximately 0.2% smaller than the results obthiioe the simple
calculation model (3D) if the analysis is performassuming the
temperature constant and equal to that of the aleséction of the
column, that is, using a two-dimensional (2D) modef the
temperature distribution, as proposed in EN 19%-12005 —
chapter 4.3. The small difference presented in &ablcan be

justified due to the reduced variation of tempamtlong the length
for the proposed example.

If the real distribution of the temperatures exéétto the column
(gases) is known along the column length, or in ¢thee when
temperature of the floors above and below the colane different,
the plane model might no longer be realistic, wiifile use of the
proposed method would provide a sound basis fodésegn.

The results also show that concrete humidity isirgftuent
parameter in design load compressive resistancéh®ather hand,
it is a parameter difficult to obtain. In the exdepproblem
presented, for a fire of 120 minutes, an incredsapproximately
22% in the design load compressive resistance itirsn
comparing columns made with concrete with 0% an@6 16f
moisture content. According to EN 1994-1-2:2005jgwwe content
of 10% may occur for hollow sections filled withrmete.

Figure 4 presents graphically the results, inclgdime value of
the design load compressive resistance for roompédesmture,
according to EN 1994-1-1:2004.
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Figure 4. Comparative results for design load compressive resistance.

Final Remarks

In this paper a simplified method for the designcomposite
columns in fire situation was presented, consistindaking into
account the temperature variation in the colummglihe length as
well as in the cross section. In order to implemtbet analysis, a
model of a column under fire was described basedhenheat
transfer laws, as well as a three-dimensional dinéglement
formulation and its implementation in a computerdeo The
program allows the analysis of either homogeneausomposite
columns under fire.

The method was then used for the analysis of a osit®
column consisting of a steel tube filled with reirded concrete
submitted to axial load under fire. For the examfie results were
compared to the design load obtained for the praediven in
based on tabular data, EN 1994-1-2: 2005 — chdp®eresulting in
considerable differences. These differences sugthedt a more
detailed analysis can, in this case, lead to liglaled cheaper
structures. The results were also compared to tles presented by
Twilt et al. (1994), with good agreement. In thegented example,
the moisture content of concrete was shown to bengortant
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parameter, causing a 22% variation in the desigd lmompressive
resistance for a 120 minutes fire.

Finally, it is important to point out that the uskthe presented
design method depends on a more extensive comparisth
laboratory test results, not yet available in stfierliterature.
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